Identification and characterization of the functional amino acids at the active center of pig liver thioltransferase by site-directed mutagenesis.
By using site-directed mutagenesis techniques, the essential amino acids at the catalytic center of porcine thioltransferase (glutaredoxin) were determined. Seven oligonucleotides were designed, synthesized, and used to construct mutants, ETT-C22S, ETT-C25S, ETT-C25A, ETT-R26V, ETT-K27Q, ETT-R26V: K27Q, and ETT-C78S:C82S, by altering their codons in pig liver thioltransferase cDNA/M13mp18 clones. Each of the thioltransferases was purified to homogeneity and its dithiol-disulfide exchange, and dehydroascorbate reductase activities were compared with those of the wild-type (ETT). Evidence was obtained that Cys22 was essential for catalytic activity, and the extremely low pKa value of its sulfhydryl group was facilitated primarily by Arg26. The role of Lys27 at the active center was different from that of Arg26 and may be important in stabilizing the E.S intermediate by electrostatic forces. The second pair of cysteines, Cys78 and Cys82, nearer the C terminus, were not directly involved in the active center, but may play a role in defining the native protein structure. The replacement of the original Cys with a Ser at position 25 increased rather than decreased the enzyme activity, suggesting that the proposed intramolecular disulfide bond between Cys22 and Cys25 is not necessary for the catalytic mechanism of the Ser25 mutant, but does not rule out such a mechanism for the wild-type enzyme.